Objectives: Approximately one in every four patients who present to the emergency department with sepsis progresses to septic shock within 72 hours of arrival. In this study, we describe key patient characteristics present within 4 hours of emergency department arrival that are associated with developing septic shock between 4 and 48 hours of emergency department arrival. Design and Setting: This study was a retrospective chart review study of all patients hospitalized from the emergency department with two or more systemic inflammatory response syndrome criteria present within 4 hours of emergency department arrival from September 2010 to February 2011 at two large academic institutions. Patients were excluded if they presented with a ST-elevation myocardial infarction, acute stroke, or trauma; had a cardiac arrest prior to arrival; were pregnant; or admitted from the emergency department psychiatric unit or transferred from an outside hospital. We identified patients with within 4 hours of emergency department arrival and identified those with septic shock at 48 hours after emergency department arrival, using a standard set of guidelines. The primary objective was identifying the number of patients who present with sepsis and progress to septic shock between 4 and 48 hours of emergency department arrival. As to the second objective, we used multivariate logistic regression analysis to identify patient factors associated with the progression of sepsis to septic shock for the aforementioned population. Measurements and Main Results: A total of 18,100 patients were admitted from the emergency department, of which 3,960 patients had two or more systemic inflammatory response syndrome criteria, and 1,316 patients had sepsis within 4 hours of emergency department arrival. Although 50 patients presented to the emergency department with septic shock within 4 hours of arrival, 111 patients with sepsis (8.4%) progressed to septic shock between 4 and 48 hours of emergency department arrival. Characteristics associated with the progression of septic shock between 4 and 48 hours of emergency department arrival included female gender (odds ratio, 1.59; 95% CI, 1.02-2.47), nonpersistent hypotension (odds ratio, 6.24; 95% CI,), bandemia at least 10% (odds ratio, 2.60; 95% CI, 1.50-4.51), lactate at least 4.0 mmol/L (odds ratio, 5.30; 95% CI, 2.59-10.84), and past medical of coronary artery disease (odds ratio, 2.01; 95% 1.26-3.44).
; Richard Zane, MD O ver half million patients present to the emergency department (ED) annually with sepsis or severe sepsis (1, 2) . A significant proportion of those patients may decompensate and progress to septic shock shortly after leaving the ED (3) (4) (5) . Understanding the epidemiology of patients who present to the ED with sepsis or severe sepsis and progress to septic shock can help emergency physicians, intensivists, hospitalists, and other providers make appropriate disposition decisions and improve the quality of care provided to these patients.
Three previous studies sought to evaluate the unanticipated need for ICU transfer in patients diagnosed with sepsis while in the ED (3) (4) (5) . However, although it is important to understand unanticipated ICU transfers, admission rates to the ICU are highly variable and physician and/or institution dependent. A more objective assessment of decompensation after ED departure is to determine in which patients septic shock will develop after being diagnosed with sepsis while in the ED. A study by Glickman et al (3) identified patient and clinical factors associated with sepsis progression to septic shock, but their study was limited by the fact that it was a secondary analysis of a larger dataset and they defined sepsis based on the presence of systemic inflammatory response syndrome (SIRS) and evidence of infection. The latter was determined through chart reviews made by the study physician (3) .
In this study, we evaluated all patients admitted to two large academic hospitals with sepsis, defined as having two or more systemic inflammatory response criteria present in the first 4 hours of ED arrival and evidence of infection. We chose a time window of 4 hours as we felt 4 hours gave emergency physicians enough time to recognize sepsis, determine severity, and make a disposition decision. The primary objective was to describe the proportion and epidemiology of patients who have sepsis within 4 hours of ED arrival and develop septic shock between 4 and 48 hours of ED arrival. Our secondary objective was to identify risk factors associated with the progression to septic shock between 4 and 48 hours of ED arrival.
METHODS

Study Design
We conducted a retrospective chart review study of adult patients with two or more SIRS criteria within 4 hours of ED arrival. We retrospectively performed chart reviews of patients having two or more SIRS criteria to identify patients with an infection source from September 2010 to February 2011 using a standard set of guidelines (Appendix 1, Supplemental Digital Content 1, http://links.lww.com/CCM/B168) (6, 7). The study was approved by Partners Institutional Review Boards.
Study Setting and Population
This study was conducted at two large urban academic centers in Boston, MA, with a single emergency medicine residency training program and a combined, estimated annual visit rate of ~151,000 ED visits per year. The overall ICU admission rate from the ED for the hospital with 60,000 ED visits was 4%, while for the hospital with 91,000 ED visits was 12%. Neither ED facility had early goal-directed therapy (EGDT) standard protocols in place, but both participated in the Protocol Based Care for Early Septic Shock trial of EGDT for sepsis (8) . All adult (age > 18 yr) medical records were screened retrospectively on a daily basis for the presence of at least two SIRS criteria within 4 hours of ED arrival. Four hours was chosen as a window of time because at 4 hours most patients have their disposition decision made in any given ED. A total of 18,100 adult patients were screened for the presence of two or more SIRS criteria. We reviewed all medical records, which comprised a combination of paper and electronic health records, to determine which patients met criteria for sepsis. Information about the patient's sociodemographics, select chronic medical problems, laboratory results, and hospital disposition were abstracted from medical records and logged into an online program for data storage (RedCap) (9) .
Study Protocol
Research assistants screened for presence of at least two SIRS criteria, defined as heart rate > 90 beats/min, respiratory rate > 20 breaths/min or Pco 2 < 32 mm Hg, temperature < 36°C or > 38°C, WBC count < 4,000/μL or > 12,000/μL or ≥ 10% bands, within the first 4 hours of ED arrival for all patients admitted to the hospital from the ED (10). Patients with two or more SIRS criteria were excluded if they were pregnant; presented with a traumarelated chief complaint and required activation of a trauma team; presented to the ED with signs of an acute stroke and required stroke team activation; presented to the ED with a STEMI and required catheterization laboratory activation; transferred from another hospital; admitted to the hospital from the ED psychiatric unit, pediatric unit, or fast track unit (i.e., low acuity unit); or suffered cardiac arrest prior to ED arrival (Fig. 1) .
In order to identify patients with sepsis, manual chart reviews were conducted by two of the authors who were emergency medicine residents (R.C., C.L.H.) using a data abstraction protocol developed prior to initiation of medical record abstraction. All patients having two or more SIRS criteria had their records reviewed for evidence of infection using a set of guidelines adapted from prior studies (Appendix 1, Supplemental Digital Content 1, http://links.lww.com/CCM/ B168) (6, 7). The first 10 charts were independently reviewed by both investigators, and the results were reviewed and discussed to ensure comparability and to resolve discrepancies. In certain cases where the source of infection was not thought to be the primary reason for the patient's clinical presentation (alternative diagnosis), the two emergency medicine residents discussed the case to resolve any ambiguities and determine eligibility. Two American Board Emergency Medicine certified attending physicians (S.S.T., D.A.P.), one from each hospital, performed an independent blinded analysis of 100 records from each hospital to determine if patients with SIRS had sepsis using the same standard guideline protocol used by the two research assistants. The two attending physicians each reviewed a different 2.5% of the 3,960 patients meeting SIRS criteria, and their results were compared with those of the abstractors.
Data collected including sociodemographic, clinical variables including vital signs, laboratory values, antibiotics given, length of stay, and disposition. We documented a blood pressure less than 90 mm Hg in all patients who did not have persistent hypotension (defined as having a blood pressure of 90 mm Hg or less for less than 2 hr or not receiving vasopressors).
Patients with at least two SIRS criteria and evidence of infection were excluded if they had concurrent gastrointestinal bleed, presented with a fever as the only evidence of infection and did not receive antibiotics or had antibiotics stopped within 24 hours (Appendix 1, Supplemental Digital Content 1, http://links.lww.com/CCM/B168), left against medical advice or eloped from the hospital prior to 48 hours completed, presented with congestive heart failure symptoms and were hypertensive requiring diuresis, displayed symptoms of active alcohol withdrawal, had diabetic ketoacidosis on an insulin drip, and were made comfort measures only while in the ED. These patients were excluded as their change in vital signs and laboratory results were more likely due to the aforementioned reasons rather than the infection itself. Finally, patients who presented to the ED with septic shock within the first 4 hours were also excluded from final analysis. We used administration of any antibiotic while in the ED as a marker for emergency physician recognition of an infection. All inclusion and exclusion criteria for this study were defined prior to manual chart abstraction by two authors (R.C., K.A.M.).
Septic shock was defined as systolic blood pressure less than 90 mm Hg despite appropriate fluid hydration of 30 cc/kg with presence of hypotension persisting for at least 2 hours after resuscitation or having a low blood pressure that was treated with a vasopressor (11, 12) . In order to identify patients with septic shock, manual chart reviews were conducted by two of the authors who were emergency medicine residents (R.C., C.L.H.) using a data abstraction protocol developed prior to initiation of medical record abstraction. The first 10 charts were independently reviewed by both investigators, and the results were reviewed and discussed to ensure comparability and to resolve discrepancies. We chose 2 hours because patients in the two hospitals included in the study routinely have their vital signs rechecked at least every 2 hours.
Objectives
Our primary objective was to describe the proportion and epidemiology of patients presenting to the ED with sepsis who developed septic shock from 4 to 48 hours after admission. Secondarily, we aimed to describe patient characteristics associated with progression from sepsis to septic shock among these patients. Forty-eight hours was chosen as an endpoint as previous studies showed most progression of sepsis to septic shock occurs within the first 48 hours (3, 4) .
Data Analysis
We reported mean values to describe continuous variables and percentages to report for categorical variables and used appropriate univariate statistics (chi-square test, Fisher exact test, t test) to determine the significance of the differences found between those who developed septic shock compared with those who did not develop septic shock. We performed a multivariable logistic regression model to determine the risk factors associated with progression of sepsis to septic shock between 4 and 48 hours of ED arrival. The dependent variable was defined as presence of septic shock between 4 and 48 hours of ED arrival. Risk factors included demographics, vital signs, chronic conditions, laboratory values, and presence of healthcare-associated risk factors. We screened candidate variables using a backward logistic regression approach with a p value set at 0.05. We reported odds ratios (OR) and 95% CIs of characteristics of patients in whom septic shock developed between 4 and 48 hours of ED arrival from the logistic regression model. Cohen κ was used to assess the reliability of sepsis identification in patients with SIRS between attending and resident physician abstractors. All analyses were performed using SAS, Version 9.3 (SAS Institute, Cary, NC). 
RESULTS
There were 1,605 ED patients hospitalized for sepsis, of which 289 patients (18.0%) were excluded because three (0.18%) had concurrent gastrointestinal bleed, 44 (2.74%) presented with a fever but had antibiotics stopped within 24 hours of ED arrival, 120 (7.48%) left prior to 48 hours from ED arrival, one (0.06%) had concurrent congestive heart failure requiring diuresis, three (0.19%) had concurrent active alcohol withdrawal, one (0.06%) had concurrent diabetic ketoacidosis requiring insulin drip, 61 (3.80%) were found to have an alternative diagnosis to sepsis, six (0.37%) were made comfort measures only, and 50 (3.12%) presented with septic shock within 4 hours of ED arrival. The combined κ score for identification of patients with sepsis was 0.74 (0.64-0.83), suggesting substantial agreement (13) .
For our sample population (n = 1,316), the mean age was 61 years, with 50.7% of all patients being women. The most common abnormal vital sign was heart rate of more than or equal to 90 beats/min (86.40%), followed by a respiratory rate of more than 20 breaths/min (31.3%), and temperature more than 100.4°F (33.4%). Of all patients who had sepsis within 4 hours of ED arrival, 761 (57.8%) had a lactate drawn while they were in the ED. The most common chronic medical condition present was diabetes (289; 22.0%) followed by coronary artery disease (245; 18.6%). Of 1,316 patients with sepsis, 83.3% received antibiotics while they were in the ED; 111 patients progressed from sepsis into septic shock between 4 and 48 hours, and 14 of the 111 (12.6%) did not receive antibiotics, respectively.
The mean hospital length of stay was 8 days, and 911 patients (67.1%) (Supplemental Table 1 , Supplemental Digital Content 2, http://links.lww.com/CCM/B169) were discharged home. Although 50 of 1,366 patients (3.6%) (all patients with sepsis plus those with septic shock) had septic shock within the first 4 hours of ED arrival, 111 of 1,366 patients (8.1%) presented with sepsis and progressed into septic shock between 4 and 48 hours of ED arrival. Of these 111 patients, 95 (85.6%) developed septic shock between 4 and 24 hours of ED arrival and 66 (59.5%) were admitted directly to an ICU from the ED. Table 2 , Supplemental Digital Content 3, http://links.lww.com/CCM/B170). The most common source of infection in all patients who presented with sepsis within the first 4 hours and progressed to septic shock was pneumonia 424 (32.2%) followed by gastrointestinal infections 253 (19.2%) ( Table 1) .
DISCUSSION
In this large diverse cohort of ED patients, we found that one in 12 patients presenting with sepsis within the first 4 hours of ED arrival develop septic shock between 4 and 48 hours of ED arrival. Over half of all patients who had septic shock within 48 hours of ED arrival did not have septic shock within 4 hours of ED arrival. Furthermore, of all patients in whom septic shock develops between 4 and 48 hours, only slightly over half were initially admitted to an ICU. Almost 20% of patients who presented with sepsis did not receive antibiotics while they were in the ED. We identified five risk factors associated with the progression to septic shock between 4 and 48 hours of ED arrival: female gender, nonpersistent hypotension, bandemia, high lactate, and history of coronary artery disease.
Studies show that treatment for septic shock is time dependent and patients who require transfer from an inpatient ward to an ICU have higher morbidity than those who are directly admitted to an ICU (14-16). Two previous studies showed different transfer rates from inpatient wards to ICU level of care (4, 14) . These mixed results are likely due to institutional protocols as well as differences in the methodological study approach (4, 5) . In our study, we found female patients to be at higher risk of developing septic shock within 48 hours when compared with male patients. This was a similar finding to the study by Glickman et al (3) , but contrary to their findings, we did not find that patients with lung disease were more likely to develop septic shock when compared with those who did not have lung disease (3). In addition, Kennedy et al (4) found a nonsignificant trend of increased bands more than 5% in patients with sepsis requiring transfer to the ICU within 4 hours, and in our study, we found that bandemia (> 10%) was associated with progression from sepsis to septic shock (3, 17) . Arnold et al (18) found only the initial level of organ dysfunction as measured by a modified Sequential Organ Failure Assessment score was associated with progressive organ dysfunction in a multicenter cohort of preshock sepsis patients. Gender, initial individual physiologic variables including serum lactate, and comorbidities were not associated with progressive organ dysfunction (3). This suggests combined measurement of organ dysfunction could be a more sensitive or early indicator of elevated risk of disease progression despite treatment. Interestingly, our study shows that a higher proportion of patients who had septic shock within 48 hours of ED arrival initially presented to the ED with sepsis and progressed to septic shock after 4 hours as opposed to demonstrating septic shock within 4 hours of arrival. In fact, most patients who progressed to septic shock did so within 24 hours of arrival. This demonstrates the importance of aggressive treatment and monitoring in the first 24 hours of ED arrival. This finding is consistent with a study by Delgado et al (16) where they described sepsis as being one of the top conditions associated with unplanned ICU transfer within 24 hours of hospital admission. Given the national ED average length of stay for patients who are admitted is 4.5 hours, it is important to understand that a little more than half of all patients who will have septic shock within 48 hours of ED arrival will show signs of having septic shock after they leave the ED (19) .
Our study is unique in that we evaluated all patients admitted from the ED and screened for sepsis (3) . This method is more inclusive than enrolling patients based on whether or not the ED physician believes they have an infection. We believe this is the reason why our rates of progression to septic shock are lower than previously published and potentially why the risk factors found in this study may be different than those found in others studies (3, 4, 17) . Furthermore, in our study, a substantial minority of patients who progressed to septic shock between 4 and 48 hours of ED arrival did not receive antibiotics while they were in the ED. We do not know why these patients did not receive antibiotics, but one explanation could be that the emergency medicine physician did not recognize sepsis/infection as a diagnosis. Patients with bacteremia and gastrointestinal infection were relatively more likely to progress to shock after 4 hours. Tests to identify a bacterial source of infection such as cultures in these patients would be unavailable early in their care. The emergency physician might have less definitive evidence to support antibiotic administration in these patients as opposed, for example, to a positive chest radiograph in a patient with pneumonia. Other study strengths included a large continuous patient sample from two different facilities. However, both centers are academic urban hospitals in Boston, MA, and generalizability could be limited in other types of facilities, patient populations, or locales.
This study may have several implications to administrators and national sepsis organizations. The surviving sepsis campaign advocates for prompt recognition and immediate treatment of sepsis using a sepsis bundle protocol (20) . However, as seen in our study, recognition of this disease and determining which patient progress from sepsis into septic shock is challenging. Here, we learned that a substantial number of patients progress from sepsis into septic shock and that most patients develop septic shock between 4 and 24 hours of ED arrival. Our study also highlights the challenge associated with determining who is at risk for developing shock as only a very small percentage of patients who have SIRS have sepsis and of those, an even smaller percentage progress to septic shock. Nonetheless, it is important to improve detection of patients who will progress to septic shock early on in their ED stay. This could be done through further studies investigating markers or risk factors associated with this phenomenon or even through the development of a sepsis ED/hospital unit, where patients who are at high risk for septic shock progression will be monitored for the first 24 hours. In addition, most of these patients are not admitted to an ICU. Understanding risk factors associated with the progression to septic shock within 48 hours may help hospitals and providers develop clinical decision tools that can be used to determine whether or not to hospitalize the patient to a higher level of care unit. Further studies would need to evaluate whether or not such measures are shown to be effective.
This study should be interpreted in the context of several limitations. This is a retrospective study, and although some literature suggests patients with a lactate greater or equal to 4.0 mmol/L have septic shock, we did not include this in our definition because not all patients had a lactate drawn while they were in the ED. We used standard criteria for evidence of infection based on previous studies, but it is possible that we missed patients who did not meet these criteria and had sepsis. In order to ensure the reliability of the sepsis definition used in this study, a set number of chart abstractions were performed by two research assistants and their results were compared to the same chart abstractions performed by two blinded emergency medicine physicians. In order to determine the final outcome of septic shock, we used a standardized objective protocol. Therefore, misclassification bias and difficult criterion standard are limitations that should be considered when interpreting the results of this study. Furthermore, this study was designed to investigate the progression of septic patients to shock, but not the association of this progression with final clinical hospital outcomes such as mortality. Hospital mortality is a separate outcome that would depend on initial acuity, underlying pathology, and hospital care, in addition to the tempo of progression to shock.
Finally, it is possible that some patients were hypotensive within 4 hours of arrival, but this was not identified because of infrequent vital signs measurement. This would lead to classification bias and alter the study results. The hospitals do not have a specific protocol for the frequency of vital signs measurement. clinical picture. In general, for admitted patients, vital signs are measured every 1-2 hours at both EDs. Thus, it is likely most patients would be identified as hypotensive in a timely manner, minimizing the risk of classification bias. A single low blood pressure reading generally triggers an increase in the frequency of measurement to at least hourly. By defining shock as sustained hypotension over 2 hours, multiple blood pressure measurements would occur during this interval allowing identification of septic shock, the primary objective, if present.
In conclusion, approximately two thirds of septic ED patients in our facilities who develop shock within 48 hours of arrival develop shock more than 4 hours after arrival. Furthermore, of all patients who develop septic shock, a little over half are admitted to an ICU. Patients who progress from sepsis into septic shock are more likely to be females and have an elevated lactate, bandemia, nonpersistent hypotension, and history of coronary artery disease. Further studies evaluating other risk factors associated with early sepsis progression into septic shock are needed. In addition, studies investigating the use of those risk factors in the clinical setting and evaluation of their utility should be performed.
